Sunflower meal, a by-product of oil extraction from sunflower seeds, is an important protein source in domestic as well as European feed industry. There is a common interest for the proper utilization of sunflower meal and for the development of an effective fractionation process in order to obtain a nutritionally improved sunflower meal. This paper proposes and compares two dry fractionation processes for the improvement of sunflower meal protein content on a laboratory scale. The first phase of both processes included two step milling using a hammer and roller mill. In the second phase, the ground sunflower meal was fractionated by sieving or by air classification. Results indicated that the implementation of any of the suggested processes improved protein content of the starting sunflower meal to a level sufficient to categorize it as "high-protein" according to current national regulation on animal feed quality, with the fraction yields over 50%. For the air classification process the most promising result was achieved for air flow of 7 m 3 /h (12.8% relative protein enrichment, 56.42% fraction yield). For the fractionation process with sieving as a separation step, when fractions smaller than 350 µm were conjoined, relative protein enrichment of 28.5% and fraction yield of 51.17% were achieved. The high protein content (48.81% on dry basis) of the joined fraction enables enough space for optimizing the protein content -fraction yield ratio of obtained sunflower meal. By applying sieves with larger aperture, it is possible to obtain higher yields of sunflower meal categorized as high-protein on account of a slight decrease in protein content, which gives this process a certain flexibility and potential for application on a larger scale.
INTRODUCTION
Constant growth of the global population elevates pressure on the livestock sector to meet the growing demand for animal protein supply. Expanded and more efficient use of the plant-based proteins could be an important step towards sustainable food production (Aiking, 2011) . Although plant proteins could be obtained from various sources, soybean meal has been the most important source of high quality vegetable proteins (Kim et al., 2019) and represents a standard to which other proteins are compared (Green and Kiener, 1989; Cromwell, 1999; Đorđević and Dinić, 2011) . Soybean meal is characterized by low fiber content, high protein content and its optimal amino acid composition, as well as an especially high content of lysine that is the most limiting amino acid in grains (Dale, 1996) . However, the use of soybean meal has also several disadvantages. Due to the presence of antinutritional substances, the preparation of soybean meal requires heat treatment which has to be conducted properly in order to avoid undesirable reduction of protein functionality (Yasothai, 2016) . Soybean meal is also the number one genetically modified crop in the world and GMO products are not authorized in every country, especially in Europe. Besides that, the lack of appropriate climatic conditions for growing soybeans in Europe leads to insufficient production, and many European countries are forced to import this protein-rich feedstock (Taelman et al., 2015; Kim et al., 2019) . The aforementioned significantly impacts the final costs of soybean meal and the interest for alternative, more economical sources of proteins is rapidly growing.
Sunflower meal (SFM), a by-product of oil extraction from sunflower seeds, is a relatively inexpensive source of protein. Sunflower is a major oilseed in Serbia with an annual production of approximately 734,000 t in 2018 (SORS, 2019) making the SFM important and widely used feedstuff. The protein content of SFM is high and usually varies from 29 to 34% (Ramachandran et al., 2007; Geneau- Sbartaï et al., 2008) . In comparison to soybeans, SFM contains less antinutritional factors and has a similar amino acid composition but also a lower amount of lysine (Canibe et al., 1999; Ramachandran et al., 2007; Mérida et al., 2010) . Therefore, for the use of sunflower meal as a high protein ingredient in animal diet formulations, an additional amount of lysine is required to be added (Lević and Sredanović, 1997; Senkoylu and Dale, 1999; Banjac et al., 2018) . SFM is also characterized by very high fiber content (18-23%) which presents the most apparent disadvantage and the limiting factor for the wider usage of SFM in diet formulations, especially for monogastric animals. Thanks to inversely correlated contents of fiber and protein in SFM, fiber level could be decreased and protein increased by separation of hulls from SFM using different fractionation processes. Since the SFM is an important protein source in the Serbian and European feed industry there is a common interest for the proper utilization of SFM and for the development of an effective fractionation process in order to gain nutrition-nally improved sunflower meal characterrized by low fiber and high protein content.
In order to obtain plant-derived protein ingredients, many conventional methods have been developed. The wet fractionation processes are the most commonly used technologies due to the capability to produce relatively pure protein isolates from different plant resources (Boye et al., 2010; Jayasena et al., 2011; Kachrimanidou et al., 2015) . These conventional processes may also be used for obtaining protein concentrates from SFM (Lovatto et al., 2015) . However, wet fractionation techniques have a lot of disadvantages such as high consumption of water and energy, as well as the use of harsh conditions during processing, which adversely affects the quality and functionality of ingredients (Schutyser and Van der Goot, 2011). Therefore, much attention has been given to the development of more sustainable dry fractionation approaches in order to produce protein fractions of less purity but with preserved native functionalities. Dry fractionation processes produce signifycantly less waste compared to the wet counterparts since there are no water effluents. To obtain valuable fractions from different plant materials, various dry fractionation methods such as sieving, air classification, centrifugal and electrostatic separation, have been used (Sredanovic, 2007; Srinivasan and Columbus, 2009; Pandya and Srinivasan, 2012; Wang et al.,2016; Tabtabaei et al., 2017) . Furthermore, some authors have been proposed different dry fractionation processes in order to obtain nutritionally improved SFM fraction with noteworthy results (Draganov, 2015; Banjac et al., 2017) . Draganov (2015) recently invented a fractionation process which is consisted of several successive grinding and sieving steps. This multistep process, that included the use of roller mill for grinding of coarse material, allows preparing SFM fractions with protein content higher than 50% and yields acceptable on industrial scale. Banjac et al. (2017) applied the two-step process which combined the first grinding of SFM and subsequent air classifying of previously ground SFM. To the best of our knowledge, this method provides the highest relative protein enrichment, in comparison to any other process of SFM dry fractionation so far. Unfortunately, a drawback of this method is obtaining the low fraction yields that could limit this process to attain wider application in the industry.
Based on previous investigations (Draganov, 2015; Banjac et al., 2017) , in this study, two fractionation processes of SFM are proposed and compared on a laboratory scale. The aim of this research was: 1) to investigate feasibility of obtaining high protein fractions with satisfactory yield by combination of SFM grinding and subsequent fractionation by a zig-zag air classifier and 2) to determine if the zig-zag air classification is more effective than the sieving process.
MATERIALS AND METHODS

Material
Sunflower meal (SFM), purchased from the oil factory "Victoria Oil", Šid, Serbia, was used in this experiment as a starting material and its chemical composition is presented in Table 1 . 
Milling and fractionation of SFM
For crushing of agglomerates that were normally present in the starting sunflower meal, a hammer mill (ABC Engineering Pančevo, Serbia) equipped with 6 mm sieve was used. Such coarsely ground SFM (HM-SFM) was additionally milled using a laboratory roller mill (model S-150 M) equipped with four corrugated rolls positioned to form three milling passages, to obtain material marked as LRM-SFM.
LRM-SFM was then fractionated either by sieving or by air classification process. The whole process of grinding and fractionation is schematically presented in Figure  1 . Sieving of LRM-SFM was performed on 
where m i (g) is the mass of i th fraction and m t (g) is the whole mass of the sieved sample. Estimated protein content value of joined fraction p 2-4 (%) (three joined fractions S2, S3 and S4) was calculated according to the formula:
where y i (%) and p i (%) are the yield and determined protein content of i th fraction, respectively.
Air classification of LRM-SFM was conducted using a laboratory zig-zag air classifier (1-40 MZM, Hosokawa Alpine, Augsburg, Germany). Air flow rate was varied at 4, 5, 6, 7 and 8 m 3 /h while Bowl feeder oscillation rate (BFOR) was set at 80% as Banjac et al. (2017) determined that this parameter does not have a significant influence on protein enrichment level. Yields of the obtained fractions were calculated using the following equations:
where C (g), F (g), y c (%) and y f (%) represent the mass of coarse fraction, the mass of fine fraction, yield of coarse fraction and yield of fine fraction, respectively. All eight samples (four coarse and four fine fractions) obtained using four different air flow rates were analyzed for moisture and crude protein content.
Figure1. Schematic presentation of fractionation processes compared in this study
Crude protein, crude fiber and moisture content were analyzed according to AOAC methods (AOAC, 1998). Particle size distribution was determined by standard sieving analysis (ISO 2591-1, 1998) in duplicate, using laboratory sieves with sieve's openings ranging from 63 to 3550 µm (AS200 control, Retch GmbH, Haan, Germany). The geometric mean diameter (GMD) was determined according to the ASAE standard (ASAE standard 319. 3, 2006) .
Statistical analysis
One-way ANOVA and Tukey's Honestly Significant Difference test were used to analyze variations of the results. Differences between the means with probability p<0.05 were accepted as statistically significant and differences between the means with 0.05 < p< 0.10 were accepted as tendencies towards differences. The level of confidence was set at 95% (STATISTICA v.13.5.0.17, 2018). Crushing efficiency of hammer mill and milling efficiency of roller mill were assessed comparing particle size distribution before and after milling pro-cesses ( Figure  2 ). It can be noticed from Figure 2 that hammer meal efficiently crushed present agglomerates (particle larger than 3550 µm), reducing their content from 24.7% in starting SFM to less than 1% in HM-SFM, and almost halved the GMD of SFM from 1262.1 to 644.2 of HM-SFM. Subsequent use of roller mill also had a great impact on the particle size distribution of SFM. Namely, roller mill completely eliminated fractions of particle size larger than 2000 µm that were pre-sent in HM-SFM and reduced GMD of HM-SFM from 644.2 to 421.4 µm that was calculated for LRM-SFM.
RESULTS AND DISCUSSION
Milling process
The HM-SFM was composed predominantly of 250-630 µm fraction and roller mill succeeded to even more increase percentage of the same fraction from 31.9 in HM-SFM up to 51.6 % in LRM-SFM. 2017) where hammer mill was used for the milling of SFM and all three sieves, with different sieve opening diameters (3 mm, 2 mm and 1 mm) that were used, provided the ground SFM that had most particles in a size range between 250 and 630 µm.
Fractionation processes
LRM-SFM, milled in a previously two-step milling process, was then fractionated by air classification and sieving. The results obtained with both methods are presented separately and subsequently compared.
Air classification
The results of the air classification process are presented in Table 2 . Based on the results obtained in the previous study (Banjac et al., 2017) , it was expected that using a laboratory zig-zag air classifier will provide coarse fractions rich in proteins. However, the obtained results showed that air classification process of LRM-SFM decreased the protein content of coarse fraction and increased the protein content of fine fractions. Similar to this was observed in the research paper of Laudadio et al. (2013) , where the use of turboclassifier for the fractionation of micronized SFM also provided fine fractions with increased protein content. The GMD of LRM-SFM was similar to that obtained in the investigations of Banjac et al. (2017) when a hammer mill equipped with 2 mm sieve was used for grinding SFM (453.1 µm) . The authors managed to obtain protein-enriched coarse fractions using zig-zag classifier for air flows of 8.7 and 12.5 m 3 /h, and stated that the particle size was probably not the reason for obtaining protein enriched fractions in their research, but the difference in size between kernels and hulls. Maaroufi et al. (2000) concluded that the higher elasticity of hulls is the reason why hull particles of the pea were coarser than kernel particles. Therefore, it is possible that, similarly to the pea hulls, higher elastic properties of SFM hulls enable them to pass through the rollers only pressed and almost unchanged in size during milling.
This difference in physical properties of hulls compared to kernels, enables air classifier to separate them as a coarse fraction, which is pulled down by gravity.
Since the aim of this work was to improve the protein content of SFM, only the change of protein content in the fine fractions was discussed. An increase in airflow from 4 to 7 m 3 /h resulted in a significant increase (p<0.05) of protein content in fine fractions compared to the unclassified meal. On the other hand, the highest air flow (8 m 3 /h) was unable to significantly improve (p<0.05) protein content of unclassified SFM. This is due to high air velocity that was strong enough to drag up more of the larger hulls particles and subsequently to increase the yield of the obtained fine fraction, but not the protein content. The highest protein content of fractions was obtained at 5 and 7 m 3 /h (42.60 and 42.85%, respectively).
These fractions did not significantly differ (p<0.05) in protein content. However, the air flow of 7 m 3 /h resulted in a considerably higher fraction yield (56.42%) which makes this air flow a far better choice for the fractionation of LRM-SFM than that at 5 m 3 /h.
Sieving
The results of LRM-SFM fractionation by sieving are shown in Table 3 . All fractions obtained by sieving had significantly different (p<0.05) crude protein content. Moreover, the crude protein content was significantly different comparing to the starting SFM. As explained, the reason why the coarsest fraction (S 1 ) had significantly lower (p<0.05) crude protein content (27.98%) compared to the starting SFM was the difference in size of kernels and hulls. Hulls, being tough and fibrous, passed through the grinding zones of roller mill, with low reduction or without a reduction in size at all, remained as overtails on the coarsest sieve (350 µm). On the other hand, fine fractions S 2 , S 3 and S 4 had significantly higher (p<0.05) crude protein content (49.71; 47.70 and 49.06%, respectively) compared to the starting SFM and the coarsest fraction S 1 , but also had a far lower fractions yield (18.12; 18.12 and 14.93%, respectively). Since the yields of these three high protein fractions were not satisfactory, in order to obtain higher yield it is possible to join these fractions in one fraction (S 2 -S 4 ) without negative impact on the protein content.
The calculation showed that bringing together fractions S 2 , S 3 and S 4 , all with particles bellow 350 µm, would result in a fine fraction with increased yield up to 51.17% and markedly high protein content of 48.81% ( Table 3) .
Comparison of fractionation methods
Air classification process, for the trial where air flow of 7 m 3 2017) reported even better relative protein enrichment (41.4%) of SFM, but with a lower fraction yield (around 11%) of improved fraction in comparison to both fractionation processes conducted in this study. Regarding the results of this study, the applied fractionation processes seems to be useful in increasing the nutritional potential of SFM, turning it into the acceptable feed ingredient for monogastric animals such as swine and poultry. In addition, both studied methods were able to render fractions with high yields and still provide a protein content of fraction higher than 40% (as is), and as such fulfil the protein requirements for high protein SFM outlined in the national Regulation on animal feed quality (2010). However, the potential advantage of the sieving method is the possibility to change the opening size of the sieve used, in order to vary yield of the enriched fraction at the expense of its protein content. This way, it is possible to obtain fractions with higher yields and protein content that still correspond to the criteria of current regulation for high protein SFM, which could be of serious importance for potentially wider industrial application of this process.
CONCLUSIONS
Both processes, air classification and sieving, were capable to improve the protein content of the starting SFM to a level sufficient to categorize the meal as highprotein SFM according to the national Regulation on Animal Feed Quality (2010). The highest protein content and fraction yield for air classification as a separation step were noticed when air flow of 7 m 3 /h was used (42.85 and 56.42%, respectively). On the other hand, separation by sieving process provided even higher protein content of conjoined S 2 -S 4 fraction (48.81%) but also somewhat lower fraction yield of 51.17%. However, the fractionation process with sieving as a separation step may be optimized by applying the sieves with larger aperture. This way it is possible to obtain an optimal ratio of increased fraction yield and satisfactory protein content, which potentially leaves space for further investigations.
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